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(54) SiC SEMICONDUCTOR ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize an SiC 
semiconductor element in which the on-voltage is low. 
SOLUTION: A groove is dug in an SiC substrate, and an 
electrode is embedded in the groove. 
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[0002] 

[Description of the Prior Art]It is about 10 times of Si and GaAs, and twice [ about ] the 
electronic saturation drift velocity of this, and a dielectric breakdown electric field is [ thermal 
conductivity of SiC ] about 3 times the Si. 

There is the outstanding feature that conduction type control of p and n is possible, and the 
stable oxidizing film formation is possible, and it is expected as a future element material for 
electric power which replaces Si. 

However, the ON state voltage of the SiC semiconductor device produced until now was high, 

and the expected performance was not obtained. 

[0003] 

[Problem(s) to be Solved by the Invention] Like ****, the ON state voltage of the SiC 
semiconductor device produced until now is not high, and was not necessarily advantageous in 
particular compared with Si semiconductor device. Writers found out that it was that one of the 
reason of this is low as for the carrier lifetime of a SiC substrate, and the voltage drop in a 
substrate is large. This invention was made in consideration of the above-mentioned situation, 
the place made into the purpose makes the voltage drop in a SiC substrate as small as possible, 
and it is in providing the SiC semiconductor device whose ON state voltage is lower than before. 

[0004] 

[Means for Solving the Problem]In a SiC semiconductor device which has at least the 1st 
conductivity-type SiC epitaxial layer formed on the 1st conductivity-type SiC substrate and this 
1st conductivity-type SiC substrate in order to attain an aforementioned problem, The 1st 
conductivity-type SiC substrate of an opposite hand of a 1st conductivity-type SiC epitaxial 
layer is trenched, and an electrode is embedded in this slot. As for area of a slot, it is desirable 
that it is 10% to 50% of the area of the 1st conductivity-type SiC substrate. 

[0005]Why a SiC semiconductor device whose ON state voltage is lower than before is obtained, 
It is because an electrode currently embedded in a slot is reached, without a career which flows 
into the 1st conductivity-type SiC substrate from a 1st conductivity-type SiC epitaxial layer 
flowing through the 1 st conductivity-type SiC substrate so much, so a voltage drop in a SiC 
substrate decreases. A reason for having made area of a slot into 10 to 50% is that an effect of a 
voltage drop will decrease and current concentration will occur further if it is made to 10% or 
less. It is because a mechanical strength of a SiC substrate will become weak if it is made to not 
less than 50%. 
[0006] 

[Embodiment of the Invention]Hereafter, the example of this invention is described. Drawing 1 
shows the sectional view of the conventional SiC p-n diode. 1 — an type SiC substrate and 2 - 
-an type SiC epitaxial layer and 3 — aluminum — yne plastic — the back, [ the bottom ] the 
p + -SiC layer annealed and formed and 4 — 3 — the same — aluminum — yne plastic — the p~- 
SiC layer which the back annealed and the bottom formed, and 5 — P — yne plastic — an 
anode electrode and 7 are cathode terminals the n + -SiC layer which the back annealed and the 
bottom formed, and 6. Oxide films were omitted for simplification. As for the thickness of the n 
type SiC substrate of 1, 10 micrometers and the p~-SiC layer of 4 work as JAKUSHON X 

tension termination (JTE), and the n + -SiC layer of 5 commits the thickness of a 350-micrometer 
[2 ] n type SiC epitaxial layer as a stopper layer. Drawing 2 shows the SiC p-n diode of this 
invention. The definition of 1, 2, 3, 4, 5, 6, and 7 is the same as drawing 1 . It differs from drawing 
1_that the n type SiC substrate of 1 is trenched and the cathode terminal of seven is embedded 
into the slot. The slot was etched by reactive ion etching (RIE). Metaled chromium was used as a 
mask of RIE of SiC. Etching passed the SiC substrate, and it was performed until it reached the 
SiC epitaxial layer. After embedding polysilicon of P dope in a slot, the metaled cathode terminal 
was deposited on it. 

[0007]The current/voltage characteristics of the samples 1 and 2 are shown in drawing 3 . The 
ON state voltage of the sample 2 had current density as low as 2.7V to the thing with as high 
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ON state voltage of the sample 1 in 100 A/cm 2 as 4.6V. 
[0008] 

[Effect of the Invention]In the SiC semiconductor device which has at least the 1st 
conductivity-type SiC epitaxial layer formed on the 1st conductivity-type SiC substrate and this 
1st conductivity-type SiC substrate as mentioned above according to this invention, The SiC 
semiconductor device whose ON state voltage is lower than before is obtained by trenching the 
1st conductivity-type SiC substrate of the opposite hand of a 1st conductivity-type SiC 
epitaxial layer, and embedding an electrode in this slot, although it explained in the example using 
the p-n diode, the effect of this invention is not what is limited only to a p-n diode — a 
Schottky barrier element a MOS transistor, a planar type and trench type IGBT, and IEGT — it 
appears still like GTO etc. As a planar image which looked at the slot from the cathode side, 
although radiate shape is desirable, even if it is other shape, such as mesh shape, the effect of 
this invention shows up. 



http://www4.ipdl.inpit.go jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F 0 /o2Fwww4.i... 2008/02/26 



<.mB*m®ftfr (jp> 



™ & m 4# & $s (a) 



#^2001 -267589 
(P2001-267589A) 
(43>&1SH ¥JE£13*E9/!28B<2001.9.28) 



<51)IntCl. 7 




F I (^#) 


H 0 1 L 29/861 




HO 1 L 29/16 4M 1 0 4 


29/16 




29/78 652T 5F005 


29/41 




6 5 2L 5F102 


29/43 




29/91 F 


29/74 




29/44 C 








/0 1 \ 1 1 ■ tSB ana E3 


4$g|2000 — 772 1 3( P2000 — 772 1 3) 


(71) Ui® A 000003078 








<22>fflgBB 


¥*£12*£ 3^170 (2000. 3. 17) 


«SC««IS^M-TS 1 # 1 ^ 






(72)»M# AM *tt 


















(74)f$£A 100081732 












F*-A(##) 4M104 AA03 BB01 BB40 CC01 DD06 






FP06 FF27 GG02 GG03 GG09 






GG18 HH20 






5F005 AF02 AH02 BB01 GA01 GA02 






5F102 FA02 GAM GB00 GB02 GC01 






GD01 CJ02 a02 


(54) KfO«»] 


s i c*mft%^ 






5 10 



[M^l] th, mi*«§ys i CS«£. 

coJBi9«l!s i ClI±l:M?n/cSi«liS 

i Cxe**->*;WB##OS i C¥SW*«^Ftc4ot> 
T, iliISS i Cxe**$/*;i/»©fitt«<a*i 
ilSS i C«Rfc»#JB6tu t©«fc«S#tI«>i& 
StiT^*Ci:*»»k-r*S i C 

2 j i »«s s i c s^osh 

[0 0 0 1 ] 
[0 0 0 2] 

s i cti. tetittmff^s i", g a a 

t>> S i »c«b*»*o«*ffl*?»»4:bT«»Sti 

[0 0 0 3] 

ffasftfts i c*aM**?o*>«£Ett*<. s 

COISO-OA^S i CSfitO*+«;77^7 
£ t C3te\ S i CSffi*ecDliJE 

[0 0 0 4] 

s^s i cs«±i:M?n/cf litss i cxtf^ 

SS i Cxtf**s/+;l/Ji<Ofi*HWO»U»«a!S i c ^ 
[0 0 0 5] Dfc*>«E*m^S i C^mWM 

?^#5ti*a*tt, ^ismsjs i cxfcf^+v-^i/ 

JB^6Sgl»«SS i CS«lcffift&tM^y7 7 tfSi 

2gmss i c»««:«tn«Hij!En^cii:3S:< N 

6 5 0%i: bfciliti> l 0 %ttTict^iEBTO 50 



ftm 2001-267589 . 
2 

5 0%w±»c-raks i ci«[(DiHi»iit#fl 

[0 0 0 6] 

So BlfcttEsfeOS i C p-n^*^KOiffiBI* 
^"To Ittn'fflS i Clfe 2&ngJS i Cxtf#*-> 

brcp + -sicn, 4«3i:ra«jc:A i ^-fy^L 

fcm. 7x-/bLTJg/£L/c p~-S i'CE 5teP# 
>T>^Lfe», 7--/HTML/cn + -S i C 

fbofc»iwui*tt*Wbfto i (Onms i csffico/p 

?(i3 5 0^im, 2 0nSJS i Cx££^*;Wi(Z)J* 
^telO/zrrK 4(Op--SiCl(i^>^>3V*x 
7^Xt»3 > • ^-^^y3> ( J T E) 
T, 50n + -SiCltt^h^-|iLtK.B 
2ti*fgWOSiC p-n^V*— FSaVTo K 
2, 3, 4, 5, 6. 7OSi(i0 1 £fflVX'$>% 0 0 
1 £:g£:S<Dte 1 (DnMS i CSfitca tfffi£>nT*5 

c^Tfe^o 'JT^f^/'^v-x^fy^ (ri 

E) k^oTJSOX^^-^^tTo/Co S i COR I E 
i CSS^iliflU S i Cxt?^^^^;UH^5t*rSS 

[0 0 0 7] 03 H-§im 1 £ 2 ©«ffi-«E«Ftt*?S 
"To IMSffifitf 1 0 0 A / cm 2 iCfcttSKfi 1 
SEE&4. 6 VfclKwDfcttU ISS 2 <D^>SJ±te 
2. 7V£ffifrofco 

[0 0 0 8] 

t», mimmms i csst, c^iii^s i ci 
«fos i c^mi^m^c^r, wumwms \ cxe 

>«HE*itt^S i C*»(**?3b^»6n*o HUttMte* 
— *5cJ:t>\ h UV^O 1GBT, I EGT, ? 

[01] KOS i C p-n^V^-Ko 
[0 2] *SWS i C p-n^V^- Ko 

[03] urn 1 1 2<Dm%L-m&¥f&o 



(3) 





4 • 


■p- ~ 


S i CS 


1 -nas i cmm 


5- 


•n + - 


S i eg 


2-nSS i Cx^^>t;H 


6- 


•77- 


KWB 


3-p+-S i CS 


7- 







t#PJ 2001-267589 
4 



tm i ] 



[02] 



CH33 




4 5 



^7777^ 



■I 



1 



10 



s 



t 




10 



(51) Int. CI. 7 

H 0 1 L 29/78 

21/338 
29/812 



6 5 2 



F I 
H 0 1 L 



7-73- K (##) 



29/46 
29/74 
29/80 
29/91 



F 
J 
U 
C 



